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spoiler drag coefficient, drag force/q S C1> 

O or 

spoiler hinge moment coefficient, M sp/%^sP S SP 

lift coefficient, lift force/q o S 

wing mean aerodynamic chord 

spoiler mean aerodynamic chord 

hydraulic actuator to torque tube lever arm 

torque tube to spoiler lever arm 

spoiler control horn lever arm 

equivalent shaft horsepower 

force in hydraulic actuator 

force in spoiler push-pull rod 

knots calibrated airspeed 

knots indicated airspeed 

multiplying factor for lower spoiler 

multiplying factor for upper spoiler 

left lower inboard spoiler panel 

left lower outboard spoiler panel 

lower upper inboard spoiler panel 

lower upper outboard spoiler panel 

lower spoiler hinge moment 

upper spoiler hinge moment 

torque tube hinge moment 

dynamic pressure at sea level 

right lower inboard spoiler panel 

right lower outboard spoiler panel 

right upper inboard spoiler panel 

iii 
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RUO right upper outboard spoiler panel 
S airplane wing area 

Sgp spoiler panel area 

SPPRS spoiler hydraulic actuator differential pressure 

STOL short takeoff and landing 

calibrated airspeed 
W airplane weight 

a angle between actuator arm and torque tube arm 

8 angle between torque tube arm and spoiler push-pull rod 

L.SP. lower spoiler deflection angle 


6 S p spoiler deflection angle 

fiy gp upper spoiler deflection angle 

<j> angle between spoiler push-pull rod and spoiler control arm 
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SUMMARY 


In-flight measurements were made of hinged-plate wing spoiler hinge moments. The 
twin turboprop airplane used in this study was modified by the addition of upper and 
lower wing-surface spoilers, and the spoiler-actuating hydraulic cylinders were 
instrumented to measure the forces required to extend the spoiler panels. Those mea- 
surements were converted to moment coefficient form, and are presented as a function 
of spoiler deployment angle. 

The hinge-moment data were collected at three flight conditions: with flaps 
extended at approach speed; with flaps retracted at a low speed; and with flaps 
retracted at a high speed (C^ = 1.4, 1.0, and 0.5). 

In general, the magnitude of measured spoiler hinge moments were lower than pre- 
dicted. Furthermore, for upper surface spoilers with flaps extended, the hinge 
moments increased in a discontinuous manner between spoiler deflections <10° and >10°. 


INTRODUCTION 


A DeHavilland DHC-6, Series 100 Twin Otter STOL transport (fig. 1), modified by 
the addition of a hinged-plate wing upper-surface spoiler/lower-surface dive brake 



Figure 1.- Modified DHC Twin Otter with upper outboard glidepath spoilers extended. 




vk-uvv* 


system (hereafter referred to as "spoiler system"). The spoiler system is shown in 
figures 2 and 3, and its characteristics are given in table i. This system has been 
evaluated in flight «.o determine the influence of spoiler controls on flying qualities 
for approach and landing for this category of airplane. The availability of a spoiler 
system on a fully instrumented airplane provided a rare opportunity to collect 
spoiler-hinge moment data in flight. 

During the structural design phase of the Twin Otter spoiler system, a literature 
survey failed to reveal applicable hinge moment data. Although the literature did 
reveal some sophisticated theoretical spoiler aerodynamic prediction methods from 
which hinge moments could be calculated (ref. 1), the authors of those works invaria- 
bly expressed low confidence in the validity of their calculations. Little experimen- 
tal data from large scale wind-tunnel tests or flight tests exist to support the 
theoretical methods. During the DHC-6 flight research program, Ames Research Center 
was requested by industry to obtain spoiler-hinge moment data from the aircraft. With 
motivation provided by those requests and the scarcity of such data, the flight test 
program described here was developed. 

The test methodology is described, and the hinge moment data that were obtained 
is presented. No attempt is made to provide correlation with theoretical methods, 
other than to compare this data with the predictions of hinge moment for this DHC-6 
design installation. 


Figure 2.- Test airplane with inboard and outboard glidepath spoilers and right r> 

spoiler extended . 
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Figure 3.- Three view drawing of DHC-6 Twin Otter with wing spoiler modification. 


TABLE 1.- SPOILER. CHARACTERISTICS 


Characteristic 

Upper 

surface 

panel 

Lower 

surface 

panel 

Span 

1.22 m (4.0 ft) 

1.22 m (4.0 ft) 

Chord 

0.305 m (1.0 ft) 

0.229 m (0.75 ft) 

Maximum angle 

51° 

51° 

Panel area 

0.372 m 2 (4.0 ft 2 ) 

0.279 m 2 (3.0 ft 2 ) 

Total glidepath panels 

4 

4 

Total roll panels 

2 

2 

Location of hinge line 

0.763 m (2.50 ft). 

1.085 m (3.56 ft), 

aft of the wing lead- 
ing edge 

0.385 c 

0.548 c 

1 — ■ - - 


DESCRIPTION OF FLIGHT TEST 


Test Airplane 

The DeHavilland DHC-6, series 100 Twin Otter airplane is shown in flight (fig. 1) 
with the upper outboard spoiler panels (RUO) and left-upper outboard spoiler panel 
(LUO) deployed. Figure 2 shows the airplane on the ground with all spoiler panels 
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fully deployed. The spoiler modification » the essential dimensions, and the identifi- 
cation of the spoiler panels for the airplane is shown (fig. 3). A sketch of the 
spoiler operating mechanism is included in the inset. The basic airplane general 
characteristics are listed in table 2. 


TABLE 2.- TEST AIRPLANE CHARACTERISTICS 


Weight - maximum takeoff . 

. . .5,252 kg (11,579 lb) 

- maximum landing . 

. . .4,990 kg (11,000 lb) 

Engines 

. . . (2)PT6a-20A (579 ESHP) 

Flaps 

. . .Full span, double slotted 

Wing loading, W/S .... 

. . .127.92 kg/m 2 (26.2 lb/ft 2 ) 

Power loading 

. . .3.05 kg/ESHP (10.0 lb/ESHP) 

Wing span 

. . .19.81 m (65 ft) 

Wing area 

. . .39.02 m 2 (420 ft 2 ) 

Mean aerodynamic chord . . 

. . .1.98 m (6.5 ft) 

Aspect ratio 

. . .10.0 

Airfoil section 

. . .DHC L-18 

Airfoil thickness ratio 

. . .17% 

Maximum lift coefficient . 

. . .2.6 

Stall speed, VgQ ..... 

. . .56 KCAS 

Approach speed, 1.3 V go . 

. . .73 KCAS 


Spoiler System 

The Twin Otter wing-spoiler modification consisted of two upper- and two lower- 
surface hinged-plate panels on each wing for glidepath control. For roll control, an 
upper and lower outboard panel identical to those for glidepath control was provided 
outboard of the glidepath panels on each wing. 

These spoilers are similar to those in current use on sailplanes manufactured in 
the United States. The upper and lower panels are linked to a common torque tube 
(fig. 3 inset). 

All spoiler panels were located at approximately the 50% wing chord position. 

The exact chordwise and spanwise location of the spoiler panels and other geometric 
details can be seen (figs. 3-5). Principal characteristics are given in table 1. 

To reduce the aerodynamic wake effects, the spoiler panels were vented by slots 
located near the hinge line (ref. 2). No venting path existed between the lower and 
upper panels, and it was not feasible to provide one because of the interference of 
the wing structure. 

The particular spoiler panels which were used to determine hinge moments were the 
outboard upper and lower spoiler set identified as right-upper outboard spoiler panel 
(RUO), left-upper outboard spoiler panel (LIJO), right-lower outboard spoiler panel 
(RLO) , and left-lower outboard spoiler panel (LLO) (fig. 3). The inboard edges of 
these panels are located about 8 in. outboard of the propeller arc, and are thus 
likely to avoid the influence of the propeller wake. The area of the upper r>anels 
was 4.0 ft 2 , and the area of the lower panels was 0.28 m 2 (3.0 ft 2 ). Maximum deflec- 
tion was approximately 51° for both upper and lower surfaces. 
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Flight Plan of Test 


Data for upper and lower spoilers were recorded during steady-state trimmed 
flight at each of three conditions: 75 knots indicated airspeed, knots (KIAS) with 

maximum flaps, and 90 KIAS and 125 KIAS with zero flaps. This corresponds to 
Cl 15 1.4, 1.0, and 0.5, respectively. At each speed, the spoilers were sequenced to 
full deployment in 6 steps, allowing 1 min of data taking at each spoiler opening. 

Engine power was set to the value required for level flight with spoilers closed; 
therefore altitude was lost as the spoilers were progressively opened for each data 
point. After data were taken for each speed and spoiler configuration at full spoiler 
deflection, an additional data point was taken with idle thrust to assess the effects 
of propeller slipstream on the hinge moments. 

Since the upper and lower spoiler panels are both connected to a common torque 
tube (fig. 3), the ones to be removed had to be alternately disconnected and recon- 
nected via the appropriate push-pull rods. When the upper panels were deactivated by 
removing their push-pull rods, the panels were retained on the airplane by bolting 
their trailing edges to the wing skin. With the lower panels, the entire panels, 
hinge pins, and push-pull rod assemblies were removed from the airplane. 


Data System 

The data acquisition and recording system used in the Twin Otter airplane had a 
maximum capability of 180 channels of information (ref. 3). For these tests, however, 
only 30 data channels were required. 

The primary source of data telemetered in real time to the ground facility, and 
displayed by alphanumeric printouts on an electrostatic printer (table 3) and also by 
time-history traces on strip-chart recorders. These data sources were supported by 
airborne and ground-generated magnetic tape recordings. 


Instrumentation and Data Reduction 

Cockpit instrumentation consisted of Twin Otter conventional blind flying panel 
plus the Electronic Attitude Director Indicator and the Electronic Horizontal Situa- 
tion Indicator (ref. 1). This instrumentation was only important to these tests in 
that the digital airspeed readout and the autopilot speed-hold mode simplified the 
piloting task of stabilizing airspeed while deploying the spoilers. Spoiler position 
was displayed by micrometer edge gauges mounted on the glareshield. 

To measure the spoiler hinge moments, strain gauge differential pressure sensors 
were installed across the two sides of the double action pistons of the spoilers’ 
hydraulic actuators. Hinge moments were then calculated from the force applied by 
the actuator to the spoilers through the control linkage geometry. The upper- and 
lower-spoiler actuating systems are shown in figures 4 and 5. 

Since the spoiler actuating system results in a nonlinear gearing, the mechanical 
advantage of the system was determined as a function of spoiler position. The gearing 
that resulted from the hydraulic actuator was then combined with the mechanical gear- 
ing to form a multiplying factor — at a given spoiler deflection — which determines 
spoiler hinge moment when multiplied by hydraulic actuator differential pressure 
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TABLE 3.- REAL TIME TELEMETRY PRINTOUT 
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Figure 4.- Upper spoiler actuating system. 


(SPPRS) . The multiplying factors for upper and lower spoiler systems are shown in 
figure 6. The method of deriving the multiplying factors is given in the appendix. 

Data Processing 

The hinge moment calculations were performed manually from the alphanumeric 
printouts (table 3). These printouts consisted of blocks of discrete data bursts in 
real time. The pertinent mnemonics are given in the nomenclature. Each point shown 
in the hinge moment plots was computed from a burst of real time data of .approximately 
43 sec. Wild points were discarded and were defined as greater than twice, or less 
than one-half of the mean values. One sigma variations were computed and plotted for 
each point . 
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Figure 5.~ Lower spoiler actuating system. 


RESULTS AND DISCUSSION 


Upper Surface Spoilers 

Upper-surface spoiler-hinge moments are plotted as a function of spoiler deflec- 
tion in figures 7a, b, and c. The upper and lower boundaries of the hinge moment 
coefficient envelope are defined by one-sigma values from the extreme data points as 
indicated on the plots. 

A dashed line (fig. 7) for the hinge moment indicates the resulting spoiler drag 
coefficient of CQgp =2.0 (refs. 4 and 5) acting at the centroid of the exposed 

panel area. This estimate of hinge moment was made to establish a lower limit for the 
structural design requirements. 

For small values of spoiler deflection — up to 10° for the 75-knot case, and 20° 
to 25° for the 90-knot and 125-knot cases — the hinge moments were negative. Thus, 
without a closing hinge moment applied, the sooilers would have free-floated to those 
angles . 

The most surprising revelation of these data can be seen in the 75-knot case 
(fig. 7a), which was the only flapped configuration tested. A sharp discontinuity can 
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be seen in the data at about 10° 
deflection. At that point, as 
the spoilers were slowly deployed, 
the airflow aft of the spoiler 
panel reattached after having 
been separated for lower angles 
of deployment. 

The airflow around the 
spoilers can be visualized by 
observing the tuft photographs in 
figure 8. With spoilers closed 
(fig. 8a) the flow is attached, as 
would be expected. With the 
spoilers open approximately 10° 

(fig. 8b), the flow between the 
spoiler and the flap is separated, 
with some reverse flow indicated. 

With spoilers fully open (fig. 8c), 
the flow has reattached and was 
observed to reattach at approxi- 
mately 15° spoiler deflection. It 
is possible that this flow 
reattachment is coincidental with 
the discontinuity in the hinge- 
moment data, although no specific 
testing was done to make this 
determination. 

The 90-knot and 125-knot zero flap configurations (figs, 7b-c), indicate a con- 
tinuous variation of hinge moment coefficient with respect to spoiler angle. Observa- 
tions of the tufts during flight indicated that flow separation occurred immediately 
as the spoilers were opened, and, unlike the 75-knot, 40°-flap configuration, the flow 
remained separated att of the spoilers for all angles of deployment. 

The only characteristic of the 90-knot data which might be considered anomalous 
is the negative slope of vs 6gp for the first few degrees of deployment. 

The 90-knot and 125-knot data had a very small dispersion of standard deviation 
compared with the 75-knot case. The implication is that the flow was less turbulent, 
although separated, arc *nd the spoiler panels for the zero flap configurations that 
it was for the 40°-flap case. 

Figure 3 indicates a 5-in. lateral separation between the propeller arc and the 
inboard edge of the active spoiler panel. Since it appeared possible for the propel- 
ler slipstream to effect the hinge moment measurement, the data point at maximum 
spoiler deflection was repeated with idle thrust. 

Idle thrust data was then compared with power-on data (figs. 8a and 8c). The 
idle data, e.g., the flagged points (slightly lower value than the power points) were 
separated by less than one sigma variation than the powered points were. Therefore, 
propeller slipstream did lot seem to have a significant influence on the hinge moment. 
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LOWER SPOILER 
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Figure 7.- Upper spoiler hinge moment coefficient. 


Lower Surface Spoilers 

Hinge-moment coefficient data for the lower surface spoilers indicate a rela- 
tively constant value, almost independent of spoiler deflection angle, for all condi- 
tions tested (fig. 9). As the spoilers were deployed, the hinge moment coefficient 
quickly built up to a value of = -0.1, and maintained that value until <5gp * 40° 
when the moments decreased with further deployment. 

No flow visualization techniques were attempted to illustrate airflow patterns 
on the lower wing surface. 
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(a) Spoilers closed, 
figure 8 .~ Maximum flaps, 75 KIAS. 
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Figure 9.- Lower spoiler hinge moment coefficient. 


CONCLUSIONS 


In-flight measurements were made to determine hinge moment coefficients of upper 
and lower wing surface hinged-plate spoilers installed on a DHC-6 Twin Otter turboprop 
STOL transport. 

In general, the magnitude of the hinge moments measured in flight were lower than 
predicted. Furthermore, for upper surface spoilers with the maximum flap deflection, 
a significant discontinuity existed for spoiler deflections < 10 ° and >10°. The reason 
for the discontinuity cannot be established; however, it was observed to coincide with 
flow reattachment aft of the spoiler panel for spoiler deflections exceeding 10°. 
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APPENDIX 
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The procedure used to determine the mechanical gearing for both upper and lower 
spoiler-control linkage systems is described. The interplay of the control lever 
geometries results in a nonlinear relationship between the input torque-tube moment 
and the output spoiler-hinge moment. A trigonometric expression can be derived by 
determining sine values for three lever angles from a graph and by substituting into 
the expression. The gear ratio, or multiplying factor, can then be determined for any 
spoiler deflection angle. 

In addition, the hydraulic advantage, or gearing is calculated as a factor to be 
multiplied by differential hydraulic pressure (SPPRS) to determine input force to the 
control linkage systems. This multiplying factor is the same for upper and lower 
spoilers since the same actuator is used for both systems. 


Upper Spoiler Mechanical and Hydraulic Gearing 



Figure Al.- Upper spoiler control 
linkage. 


Figure Al shows the relevant features 
of the upper spoiler control linkage. The 
forces, angles, and dimensions required to 
calculate spoiler hinge moment are indicated. 
Assume zero friction and static loads 


Mtt 


M, 


SP 


= F 1 d 1 sin a 


F 2 d 2 sin 0 


F : F d s -^ ? 

2 11 d, sin 6 


M U. SP. = F 2 d 3 Sln * 


Fjdj sin a d 3 sin 
d, sin 0 


F i d i d 3 sin a sin d> 


sin 6 


The angular relationship of the upper spoiler with respect to the various lever 
angles is shown in figure A2. Now the spoiler hinge moments can be expressed as a 
function of spoiler position. 


“u. 


w, 

sin a sin 4>| 

6 d 2 

sin 0 

6 U.SP. 

J 


(Al) 


U.SP. 


F = hydraulic pressure (SPPRS) * exposed piston area (A e ff) 

A = A - A .ml [ (3 . 335 2 ) - (L.430 2 )] - 7.13 cm 2 (1.105 in. 2 ) 
eff pist rod 4 
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Figure A2,- Upper spoiler 


lever angles with respect 


to spoiler angle. 


F, = 7.13 SPPRS , kg 105 SPPRS , lb) 
d ! = 0.0432 m (1.7 in.) 
d 2 = 0.0762 m (3.0 in.) 
d 3 = 0.0762 m (3.0 in.) 


Substituting the above into the moment equation yields the following: 

sin a sin 


**!!. 


1 - 0.0216 SPPKS 

J 6 U.SP. L J U 

[ sin a sin £ 1 
sin 6 J 


, m*kg 


= 0.15654 SPPRS 


, ft -lb 


U.SP. 


The combined multiplying factor for upper spoilers is plotted against spoiler deflec 
tion angle in figure 6 of the text. 
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Lower Spoiler Mechanical and Hydraulic Gearing 

Figure A3 shcs the essential features of the lower spoiler control linkage, and 
the information required to calculate spoiler hinge moment are indicated. 



Figure A3.- Lower spoiler control linkage. 

Assume zero friction and static loads. 

The derivation of lower spoiler hinge moments is identical to the upper spoilers. 



The angular relationship of the lower spoiler with respect to the various lever 
angles is shown in figure A4. This information permits the expression of hinge 
moments as a function of lower spoiler position. 

F ; is calculated in the same manner as for upper spoilers. 

= 7.13 SPPRS, kg (1.105 SPPRS , lb) 
dj = 0.0432 m (1.70 in.) 
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Figure A4.- Lower spoiler lever angles with respect to spoiler angle. 

d„ = 0.0699 m (2.75 in.) 
d 3 = 0.0704 m (2.77 in.) 

Substituting these values into the moment equation yields the following. 



The combined multiplying factor for lower spoilers is plotted in figure 6 of the 
text, with the multiplying factor for upper spoilers. 
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